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ABSTRACT	  
	  
Background:	   Skipping	   breakfast	   has	   been	   associated	  with	   an	   increased	   risk	   of	   type	   II	  
diabetes	   and	   obesity.	   	  Purpose:	   	   To	   examine	   the	   effects	   of	   normal	   protein	   vs.	   higher	  
protein	   breakfast	  meals	   on	   pre-­‐	   and	   post-­‐lunch	   glycemic	   control	   in	   overweight/obese	  
adolescents	   who	   either	   habitually	   skip	   breakfast	   vs.	   adolescents	   who	   habitually	  
consume	  high	  CHO	  breakfast	  meals.	   	  Methods:	  Thirty-­‐five	  overweight/obese	  teen	  girls	  
participated	  in	  the	  following	  randomized	  crossover-­‐design	  study.	  	  The	  participants	  were	  
grouped	   according	   to	   habitual	   breakfast	   frequency.	   	   The	   habitual	   breakfast	   skipping	  
group	   randomly	   completed	   the	   following	   breakfast	   patterns	   at	   home	   for	   3	   days:	   1)	  
Breakfast	   Skipping	   (BS);	   2)	   Normal	   Protein	   (NP)	   breakfast;	   and	   3)	   High	   Protein	   (HP)	  
breakfast.	  	  The	  habitual	  breakfast	  consuming	  group	  randomly	  completed	  the	  NP	  and	  HP	  
breakfast	  patterns	  at	  home	  for	  3	  days.	  	  On	  day	  4	  of	  each	  pattern	  (for	  both	  groups),	  the	  
participants	   complete	   the	   respective	   8-­‐h	   testing	   day.	   	   The	   respective	   breakfast	   was	  
provided	  at	   the	  beginning	  of	   the	  day	  and	  a	  NP	   lunch	  was	  provided	  4h	  post-­‐breakfast.	  	  
Blood	   samples	  were	   collected	   at	   specific	   times	   throughout	   the	   day	   for	   plasma	   insulin	  
and	   glucose	   responses.	   	   Results:	   The	   addition	   of	   breakfast	   led	   to	   increased	  morning	  
glucose	   and	   insulin	   responses	   vs.	   BS	   (both,	   P	   <	   0.05).	   	   When	   comparing	   the	   normal	  
protein	  vs.	  high	  protein	  breakfast	  meals,	  the	  post-­‐lunch	  glycemic	  response	  was	  different	  
between	   the	   meals	   but	   was	   significantly	   modulated	   by	   the	   frequency	   of	   habitual	  
breakfast	  consumption.	   	  The	  breakfast	  skippers	  experienced	  lower	  afternoon	  and	  total	  
glucose	  concentrations	  following	  the	  normal	  protein	  breakfast	  but	  higher	  afternoon	  and	  
total	   glucose	   concentrations	   following	   the	   high	   protein	   breakfast	   compared	   to	   the	  
breakfast	   consumers	   (both,	   P	   <	   0.05).	   	  Minimal	   differences	   in	   afternoon	   and/or	   total	  
insulin	   were	   detected	   between	   meals	   or	   between	   groups.	   	   Conclusion:	   These	   data	  
suggest	   that	   the	   addition	   of	   breakfast,	   regardless	   of	   protein	   content,	   has	   very	   little	  
effect	   on	   post-­‐lunch	   glycemic	   control	   in	   individuals	   who	   habitually	   skip	   the	   morning	  
meal	   but	   illustrates	   novel	   differences	   in	   the	   glycemic	   response	   to	   high	   versus	   normal	  
protein	  breakfast	  meals	  which	  appears	  to	  be	  influenced	  by	  habitual	  breakfast	  frequency.	  
1	  
INTRODUCTION	  
	  
The	  obesity	  epidemic	  is	  negatively	  impacting	  the	  lives	  of	  approximately	  25	  million	  
children	  and	  adolescents	  in	  the	  United	  States	  alone	  [1,	  2].	  	  With	  this	  increased	  
prevalence,	  more	  young	  people	  are	  suffering	  from	  what	  were	  previously	  considered	  to	  
be	  adult-­‐onset	  conditions	  including,	  but	  not	  limited	  to,	  Type	  2	  diabetes	  mellitus	  (T2DM),	  
cardiovascular	  disease,	  and	  metabolic	  syndrome	  [3,	  4].	  	  Although	  the	  prevalence	  of	  
these	  conditions	  and/or	  diseases	  in	  young	  people	  remains	  small,	  many	  children	  and	  
adolescents	  display	  pre-­‐disease	  symptoms	  which,	  over	  time,	  may	  lead	  to	  early-­‐onset	  [5].	  	  
Thus,	  it	  is	  imperative	  to	  identify	  the	  potential	  factors	  that	  contribute	  to	  the	  pre-­‐disease	  
conditions	  as	  well	  as	  to	  develop	  dietary	  strategies	  to	  prevent/and	  or	  treat	  the	  
progression	  of	  these	  conditions.	  	  
Several	  cross-­‐sectional	  studies	  illustrate	  a	  strong	  association	  between	  skipping	  
breakfast	  and	  greater	  body	  weight,	  BMI,	  and/or	  increased	  risk	  of	  obesity	  in	  children	  and	  
adolescents	  [6-­‐9].	  	  Breakfast	  skipping	  has	  also	  been	  negatively	  associated	  with	  poor	  
glucose	  control	  and	  an	  increased	  risk	  of	  T2DM	  [10-­‐13].	  	  Although	  these	  studies	  identify	  
strong	  associations	  between	  breakfast	  consumption,	  obesity	  makers,	  and	  T2D,	  they	  do	  
not	  indicate	  causality.	  
Jovanovic	  et	  al.	  [13,	  14]	  completed	  two	  randomized	  crossover-­‐design	  studies	  in	  
normal	  weight,	  healthy	  adults	  and	  in	  obese	  individuals	  with	  T2DM	  to	  examine	  the	  
effects	  of	  breakfast	  skipping	  on	  markers	  of	  glucose	  control	  and	  T2DM	  risk	  factors.	  	  
Compared	  to	  skipping	  breakfast,	  the	  consumption	  of	  breakfast	  lowered	  the	  post-­‐lunch	  
	  
	  
2	  
rise	  in	  plasma	  glucose	  by	  73%	  in	  healthy,	  normal	  weight	  participants	  and	  95%	  in	  the	  
obese	  participants	  with	  T2DM	  [13].	  	  These	  data	  suggest	  that	  the	  consumption	  of	  a	  
breakfast	  meal	  decreases	  the	  rise	  in	  glucose	  after	  the	  consumption	  of	  the	  lunch	  meal	  in	  
both	  healthy	  and	  T2DM	  individuals	  [13,	  14].	  	  	  
A	  key	  dietary	  factor	  to	  consider	  within	  the	  breakfast	  meal	  includes	  the	  
macronutrient	  composition	  of	  the	  meal.	  	  Postprandial	  glucose	  concentrations	  are	  
altered	  by	  both	  the	  amount	  and	  type	  of	  carbohydrate	  (CHO)	  consumed	  within	  the	  meal	  
[15].	  	  Jenkins	  et	  al.	  reported	  improvements	  in	  CHO	  metabolism	  and	  CHO	  tolerance	  
during	  the	  lunch	  meal	  following	  the	  consumption	  of	  low-­‐glycemic	  index	  (LGI)	  breakfast	  
meals	  containing	  either	  fiber	  or	  slowly	  absorbed	  CHO	  [16,	  17].	  	  Specifically,	  there	  was	  a	  
blunted	  glucose	  and	  insulin	  response	  following	  the	  consumption	  of	  LGI	  breakfast	  meals	  
compared	  to	  a	  high-­‐glycemic	  index	  (HGI)	  breakfast	  meals	  [16,	  17].	  	  
Increased	  dietary	  protein	  has	  also	  been	  proposed	  to	  reduce	  postprandial	  glucose	  
concentrations,	  since	  protein	  consumption	  is	  known	  to	  stimulate	  insulin	  secretion	  [18,	  
19].	  	  However,	  the	  data	  is	  inconclusive	  with	  some	  [20-­‐26],	  but	  not	  all	  studies	  [27-­‐33],	  
reporting	  blunted	  post-­‐prandial	  glucose	  and	  insulin	  responses	  following	  the	  
consumption	  of	  high	  vs.	  normal	  protein	  breakfast	  meals.	  	  The	  discrepant	  findings	  may	  
be	  due	  to	  several	  key	  dietary	  factors	  including,	  but	  not	  limited	  to	  protein	  type	  (i.e.,	  
animal	  vs.	  plant)	  or	  food	  form	  (i.e.,	  beverages	  vs.	  solids)	  which	  varied	  within	  and	  across	  
studies.	  	  Furthermore,	  the	  majority	  of	  the	  studies	  did	  not	  screen	  and/or	  control	  for	  
habitual	  breakfast	  frequency	  of	  consumption;	  thus,	  it	  is	  plausible	  that	  habitual	  breakfast	  
skippers	  may	  respond	  differently	  to	  a	  breakfast	  meal	  than	  habitual	  breakfast	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consumers.	  	  For	  example,	  Farshchi	  et	  al.	  found	  that	  breakfast	  skippers	  were	  more	  likely	  
to	  have	  poor	  glycemic	  control	  compared	  to	  breakfast	  consumers	  [34].	  	  	  
Therefore,	  the	  purpose	  of	  this	  study	  was	  to	  examine	  the	  effects	  of	  the	  normal	  
protein	  vs.	  higher	  protein	  breakfast	  meals	  on	  pre-­‐	  and	  post-­‐lunch	  glycemic	  control	  in	  
overweight/obese	  adolescents	  who	  either	  habitually	  skip	  breakfast	  or	  habitually	  
consume	  high	  CHO	  breakfast	  meals.	  	  We	  also	  sought	  to	  compare	  the	  normal	  protein	  vs.	  
high	  protein	  meals	  between	  the	  breakfast	  groups.	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EXTENDED	  REVIEW	  OF	  LITERATURE	  
	  
I. Obesity	  	  
By	  the	  year	  2030,	  obesity	  is	  estimated	  to	  cost	  the	  U.S.	  900	  billion	  dollars	  annually	  
[35].	  According	  to	  the	  Centers	  for	  Disease	  Control	  and	  Prevention	  (CDC),	  there	  has	  been	  
an	  alarming	  increase	  in	  obesity	  in	  the	  U.S.	  over	  the	  past	  20	  years	  [36],	  and	  is	  defined	  
based	  on	  the	  sex-­‐specific	  body	  mass	  index	  (BMI)	  for	  age	  growth	  charts	  provided	  by	  the	  
CDC	  [2,	  37].	  The	  obesity	  epidemic	  is	  negatively	  impacting	  the	  lives	  of	  approximately	  25	  
million	  children	  and	  adolescents	  in	  the	  U.S.	  alone	  [1].	  It	  is	  estimated	  that	  35.7%	  of	  U.S.	  
adults	  and	  17%	  of	  U.S.	  children	  and	  adolescents	  (aged	  2-­‐19	  years)	  are	  considered	  to	  be	  
obese	  [36].	  The	  CDC	  reported	  that	  the	  prevalence	  of	  obesity	  among	  children	  and	  
adolescents	  has	  almost	  tripled	  since	  1980	  [36]	  with	  little	  evidence	  that	  the	  prevalence	  is	  
decreasing	  [1].	  	  
Childhood	  obesity	  has	  nearly	  tripled	  in	  the	  past	  30	  years,	  increasing	  from	  7-­‐18%	  
between	  1980	  and	  2010	  [2,	  36].	  It	  is	  critical	  to	  address	  this	  issue	  considering	  that	  obesity	  
may	  lead	  to	  both	  short	  and	  long-­‐term	  health	  consequences	  not	  only	  in	  the	  U.S.,	  but	  
globally	  as	  well	  [2].	  The	  prevalence	  of	  childhood	  and	  adolescent	  obesity	  may	  be	  
attributed	  to	  urbanization,	  unhealthy	  diets,	  and	  sedentary	  lifestyles	  [38].	  With	  this	  
increased	  prevalence,	  more	  young	  people	  are	  suffering	  from	  what	  were	  previously	  
considered	  adult-­‐onset	  conditions	  including,	  but	  not	  limited	  to:	  T2DM,	  cardiovascular	  
disease,	  various	  forms	  of	  cancer,	  hypertension,	  and	  metabolic	  syndrome	  [1,	  39].	  
Although	  the	  prevalence	  of	  these	  conditions	  and/or	  diseases	  in	  young	  people	  remains	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small,	  many	  children	  and	  adolescents	  display	  pre-­‐disease	  symptoms,	  which	  over	  time,	  
may	  lead	  to	  early-­‐onset	  [40,	  41].	  In	  particular,	  overweight	  and	  obese	  children	  and	  
adolescents	  –	  specifically	  with	  fat	  storage	  in	  the	  abdominal	  region	  –	  display	  poor	  
glucose	  control	  compared	  to	  their	  normal	  weight	  counterparts,	  which	  has	  been	  
identified	  as	  the	  main	  factor	  in	  the	  etiology	  of	  T2DM	  [38,	  42,	  43].	  Urakami	  et	  al.	  has	  
confirmed	  that	  a	  strong	  association	  exists	  between	  obesity	  and	  T2DM	  in	  children	  over	  
the	  past	  few	  decades	  [44].	  	  
Prevalence	  of	  Type	  2	  Diabetes	  Mellitus	  
The	  prevalence	  of	  T2DM	  continues	  to	  increase	  with	  severe	  consequences	  on	  
morbidity	  and	  premature	  mortality	  [45].	  In	  fact,	  T2DM	  is	  now	  considered	  to	  be	  the	  sixth	  
leading	  cause	  of	  death	  in	  the	  U.S.	  [46].	  Alberti	  et	  al	  estimated	  that	  by	  2025,	  the	  global	  
prevalence	  of	  T2DM	  is	  predicted	  to	  increase	  from	  5.0-­‐6.2%	  [46].	  Although	  type	  1	  
diabetes	  is	  the	  main	  form	  of	  diabetes	  among	  children,	  T2DM	  is	  estimated	  to	  be	  the	  
major	  form	  within	  the	  next	  decade	  –	  particularly	  in	  various	  ethnic	  groups	  [47].	  It	  is	  
important	  to	  note	  that	  data	  related	  to	  T2DM	  incidence	  and	  prevalence	  in	  children	  and	  
adolescents	  is	  less	  common	  than	  it	  is	  in	  adults	  [47].	  However,	  several	  studies	  do	  exist	  
and	  shed	  some	  light	  into	  the	  development	  and	  complications	  of	  this	  growing	  
phenomenon.	  	  
Prior	  to	  considering	  the	  data	  of	  previous	  studies,	  it	  is	  important	  to	  understand	  
the	  definition	  and	  diagnosis	  criteria	  of	  pre-­‐diabetes	  and	  T2DM.	  The	  World	  Health	  
Organization	  defines	  pre-­‐diabetes	  as	  impaired	  fasting	  glucose	  (fasting	  plasma	  glucose	  ≥	  
6.1	  mmol/l	  and	  <	  7.0	  mmol/l),	  or	  impaired	  glucose	  tolerance	  (2-­‐h	  plasma	  glucose	  after	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an	  oral	  glucose	  tolerance	  test	  measurement	  ≥	  7.8	  mmol/l	  and	  <	  11.1	  mmol/l)	  or	  both.	  
T2DM	  is	  defined	  as	  having	  a	  fasting	  plasma	  glucose	  ≥	  7.0	  mmol/l	  or	  2-­‐h	  plasma	  glucose	  ≥	  
11.1	  mmol/l.	  Velasquez-­‐Mieyer	  et	  al.	  defined	  glucose	  homeostasis	  as	  a	  balance	  between	  
insulin	  sensitivity	  and	  secretion	  [48].	  The	  disruption	  of	  glucose	  homeostasis	  may	  
therefore	  lead	  to	  impaired	  pancreatic	  beta-­‐cell	  function	  and	  decreased	  insulin	  sensitivity	  
–	  the	  two	  main	  contributors	  to	  the	  etiology	  of	  T2DM	  [48].	  	  
Link	  Between	  Obesity	  and	  T2DM	  
	  
Holst-­‐Schumacher	  et	  al.	  conducted	  a	  cross-­‐sectional	  study	  to	  determine	  the	  
prevalence	  of	  insulin	  resistance	  and	  impaired	  glucose	  tolerance	  in	  214	  overweight	  (38%	  
of	  participants)	  and	  obese	  (62%	  of	  participants)	  Costa	  Rican	  schoolchildren	  (9.14	  ±	  0.80	  
years)	  [49].	  Overweight	  and	  obesity	  were	  defined	  by	  their	  BMI.	  They	  found	  that	  over	  
20%	  of	  the	  children	  exhibited	  hyperinsulinemia,	  almost	  50%	  were	  insulin	  resistant,	  and	  
6.5%	  had	  impaired	  glucose	  tolerance.	  These	  findings	  were	  greater	  in	  the	  obese	  children	  
than	  they	  were	  in	  the	  overweight	  children	  [49].	  Overall,	  glucose	  intolerance	  and	  insulin	  
resistance	  in	  the	  Costa	  Rican	  schoolchildren	  that	  were	  studied	  is	  more	  common	  than	  
what	  was	  previously	  thought.	  Holst-­‐Schumacher	  et	  al.	  recommended	  lifestyle	  
interventions	  and	  early	  screening	  for	  glucose	  intolerance	  and	  insulin	  resistance	  in	  
overweight	  and	  obese	  children	  to	  prevent	  the	  advancement	  and	  ramifications	  of	  T2DM	  
[49].	  A	  limitation	  of	  this	  study	  is	  that	  insulin	  resistance	  was	  estimated	  rather	  than	  
measured	  due	  to	  the	  fact	  that	  a	  hyperinsulinemic-­‐euglycemic	  clamp,	  the	  gold	  standard	  
of	  measuring	  insulin	  sensitivity,	  was	  too	  invasive	  and	  expensive.	  
	  
	  
7	  
Similar	  findings	  were	  also	  observed	  in	  a	  more	  recent	  cross-­‐sectional	  study	  of	  
3173	  schoolchildren	  (aged	  7-­‐18	  years)	  in	  China	  to	  determine	  the	  prevalence	  of	  pre-­‐
diabetes	  and	  T2DM	  [50].	  The	  prevalence	  of	  overweight	  and	  obesity	  in	  this	  study	  was	  
13%	  and	  15.4%,	  respectively.	  Overweight	  and	  obesity	  were	  also	  defined	  by	  BMI.	  Zhu	  et	  
al.	  found	  that	  the	  prevalence	  of	  pre-­‐diabetes	  and	  T2DM	  in	  overweight	  and	  obese	  
children	  was	  comparable	  to	  other	  population-­‐based	  studies	  in	  other	  countries	  [51].	  The	  
occurrence	  of	  pre-­‐diabetes	  and	  T2DM	  in	  overweight	  or	  obese	  children	  was	  0.28%	  and	  
3.30%,	  respectively.	  However,	  this	  prevalence	  is	  significantly	  lower	  when	  compared	  to	  
studies	  that	  were	  clinical	  in	  nature	  [52].	  Another	  important	  finding	  from	  this	  study	  is	  
that	  children	  going	  through	  puberty	  had	  a	  greater	  risk	  of	  developing	  pre-­‐diabetes	  or	  
T2DM	  compared	  to	  pre-­‐	  or	  post-­‐pubescent	  children.	  This	  may	  be	  attributed	  to	  
physiological	  insulin	  resistance	  in	  children	  experiencing	  puberty	  –	  which	  may	  advance	  
into	  T2DM	  in	  this	  population	  [53].	  Overall,	  the	  findings	  of	  this	  study	  illustrate	  that	  
overweight	  and	  obese	  children	  had	  more	  T2DM-­‐related	  factors	  compared	  to	  their	  
normal	  weight	  counterparts	  [50].	  Zhu	  et	  al.	  recommended	  preventive	  strategies	  to	  
combat	  the	  development	  of	  obesity,	  and	  subsequently,	  T2DM,	  as	  the	  incidences	  of	  pre-­‐
diabetes	  and	  T2DM	  continues	  to	  shift	  into	  a	  public	  health	  crisis.	  A	  limitation	  of	  this	  study	  
was	  the	  inability	  to	  evaluate	  the	  temporal	  sequence	  between	  risk	  factors	  and	  
progression	  of	  pre-­‐diabetes	  and	  T2DM.	  Another	  limitation	  was	  utilizing	  the	  fasting	  
capillary	  glucose	  as	  a	  screening	  tool,	  which	  is	  not	  very	  effective	  in	  pinpointing	  glucose	  
intolerance.	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Conversely,	  a	  review	  by	  Goran	  et	  al.	  challenges	  the	  overwhelming	  majority	  of	  
studies	  that	  reported	  a	  high	  prevalence	  of	  pediatric	  T2DM	  exists	  [54,	  55].	  Pinhas-­‐Hamiel	  
et	  al.	  conducted	  a	  clinical	  trial	  in	  Cincinnati,	  Ohio	  that	  observed	  the	  prevalence	  of	  T2DM	  
in	  adolescents	  increased	  by	  a	  disturbing	  10%	  from	  1982-­‐1994	  [55].	  These	  studies	  have	  
led	  to	  the	  understanding	  that	  there	  is	  a	  T2DM	  epidemic	  in	  the	  U.S.	  Nevertheless,	  these	  
findings	  may	  be	  biased	  due	  to	  the	  population	  of	  children	  being	  diagnosed	  with	  pre-­‐
diabetes	  or	  T2DM	  and	  the	  absence	  of	  duplicated	  testing	  to	  determine	  if	  T2DM	  truly	  
exists	  [54].	  Goran	  et	  al.	  stated	  that	  sparse	  data	  from	  studies	  exist	  regarding	  the	  
incidences	  of	  T2DM	  in	  children	  and	  adolescents	  [22].	  It	  is	  also	  articulated	  that	  to	  infer	  an	  
epidemic	  exists	  without	  sufficient	  confirmation	  may	  result	  in	  inappropriate	  changes	  and	  
effects,	  such	  as	  accidental	  harm.	  Therefore,	  Goran	  et	  al.	  advocates	  for	  reason	  and	  
balance	  in	  order	  to	  appropriately	  direct	  the	  approach	  in	  tackling	  this	  increasing	  health	  
concern	  [54].	  With	  childhood	  obesity	  and	  diseases	  related	  to	  obesity	  exponentially	  
growing	  and	  turning	  into	  an	  epidemic	  in	  the	  U.S.,	  other	  interventions	  besides	  weight	  
loss	  should	  be	  considered	  to	  attenuate	  and	  eventually	  eliminate	  the	  risk	  of	  pre-­‐diabetes	  
and	  T2DM	  in	  overweight	  and	  obese	  children.	  Although	  T2DM	  may	  not	  be	  an	  epidemic,	  
many	  children	  do	  exhibit	  pre-­‐diabetic	  symptoms	  –	  one	  of	  which	  is	  poor	  glucose	  control.	  
	  
II. Breakfast	  Skipping	  and	  Glucose	  Control	  
Based	  on	  the	  serious	  complications	  stemming	  from	  obesity,	  it	  is	  critical	  to	  
identify	  contributors	  and	  develop	  successful	  dietary	  strategies	  to	  combat	  this	  disease.	  
Although	  the	  etiology	  of	  obesity	  is	  multi-­‐faceted,	  one	  specific	  dietary	  factor	  –	  breakfast	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skipping	  –	  has	  been	  found	  to	  have	  a	  strong	  correlation	  with	  both	  obesity	  and	  T2DM.	  
Several	  cross-­‐sectional	  studies	  report	  that	  skipping	  breakfast	  is	  associated	  with	  greater	  
body	  weight,	  BMI,	  and/or	  increased	  risk	  of	  obesity	  in	  children	  and	  adolescents	  [6,	  8,	  9,	  
56].	  Other	  studies	  mention	  that	  skipping	  breakfast	  is	  also	  associated	  with	  increased	  
snacking	  and	  a	  sedentary	  lifestyle	  [57].	  Although	  these	  studies	  identify	  a	  strong	  
relationship	  between	  breakfast	  consumption	  and	  obesity	  markers,	  they	  do	  not	  indicate	  
causality.	  	  
However,	  Timlin	  et	  al.	  conducted	  a	  5-­‐	  year	  prospective	  study	  to	  examine	  the	  
association	  between	  breakfast	  frequency	  and	  body	  weight	  change	  in	  2216	  middle	  and	  
high	  school	  American	  adolescents	  [58].	  In	  1998-­‐1999,	  students	  (aged	  14.9	  ±	  1.6	  years)	  
were	  given	  the	  Project	  Eat	  1	  survey	  to	  assess	  personal	  and	  behavior	  factors	  and	  their	  
anthropometric	  measures	  were	  recorded.	  They	  were	  also	  presented	  with	  the	  Youth	  and	  
Adolescent	  Food	  Frequency	  Questionnaire.	  After	  five	  years,	  a	  longitudinal	  follow-­‐up	  
study-­‐	  Project	  Eat	  2-­‐	  was	  conducted	  on	  the	  same	  students	  (now	  aged	  19.4	  ±	  1.7	  years).	  
Timlin	  et	  al.	  found	  that	  the	  frequency	  of	  breakfast	  was	  inversely	  associated	  with	  BMI	  in	  
a	  dose-­‐response	  manner	  (Figure	  1)	  such	  that	  those	  who	  never	  ate	  breakfast	  displayed	  a	  
greater	  BMI	  compared	  to	  those	  who	  consistently	  consumed	  breakfast	  [58].	  It	  was	  also	  
reported	  that	  females	  were	  more	  likely	  to	  skip	  breakfast	  than	  males.	  In	  fact,	  it	  was	  
noted	  that	  skipping	  breakfast	  transpired	  as	  a	  means	  to	  lose	  weight.	  It	  is	  important	  to	  
note	  that	  while	  those	  who	  ate	  breakfast	  regularly	  tended	  to	  have	  greater	  daily	  energy	  
intake	  compared	  to	  breakfast	  skippers,	  breakfast	  consumers	  had	  less	  total	  daily	  fat	  and	  
saturated	  fat	  intakes	  –	  providing	  a	  possible	  explanation	  to	  the	  improvement	  of	  energy	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balance	  and	  weight	  control	  in	  the	  breakfast	  consuming	  populations.	  A	  limitation	  in	  this	  
study	  was	  the	  self-­‐reporting	  of	  height	  and	  weight,	  which	  may	  have	  resulted	  in	  incorrect	  
BMI	  assessments.	  Due	  to	  the	  observational	  nature	  of	  this	  study,	  causality	  between	  
skipping	  breakfast	  and	  BMI	  cannot	  be	  established.	  Timlin	  et	  al.	  recommended	  
interventions	  in	  adolescents	  to	  promote	  the	  healthy	  habit	  of	  consuming	  breakfast	  [58].	  
Lastly,	  other	  studies	  also	  report	  that	  obese	  and	  overweight	  adolescents	  are	  twice	  as	  
likely	  to	  skip	  breakfast	  when	  compared	  to	  their	  normal	  weight	  counterparts	  [57].	  Thus,	  
increasing	  evidence	  exists	  supporting	  that	  daily	  consumption	  of	  breakfast	  has	  a	  
protective	  effect	  against	  weight	  gain	  and	  obesity.	  
Figure	  1	  [58]	  
Time	  to	  breakfast	  and	  BMI	  change	  (adjusted	  for	  baseline	  BMI	  and	  breakfast	  category,	  
age,	  and	  gender).	  
	  
	  	  	  
	  
Glycemic	  Control	  
	   	  
Breakfast	  skipping	  has	  also	  been	  negatively	  associated	  with	  poor	  glucose	  control	  
and	  risk	  of	  both	  T2DM	  and	  cardiovascular	  disease	  in	  cross-­‐sectional	  studies	  [10,	  13].	  
Mekary	  et	  al.	  prospectively	  analyzed	  the	  Health	  Professionals	  follow-­‐up	  study	  of	  29206	  
men	  (aged	  40-­‐75	  years)	  that	  was	  conducted	  in	  1986	  [10].	  These	  male	  health	  
professionals	  were	  followed	  for	  several	  years	  throughout	  the	  study	  and	  received	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biennial	  questionnaires	  regarding	  their	  medical	  history,	  lifestyle,	  and	  health-­‐related	  
behavior.	  Mekary	  et	  al.	  discovered	  that	  breakfast	  consumption	  was	  inversely	  associated	  
with	  the	  risk	  of	  developing	  T2DM	  in	  men	  [10].	  Pereira	  et	  al.	  stated	  that	  consuming	  
breakfast	  may	  better	  modulate	  blood	  glucose	  and	  appetite	  control	  throughout	  the	  day	  
in	  both	  children	  and	  adults	  [59].	  A	  limitation	  of	  the	  Mekary	  et	  al.	  analysis	  was	  that	  the	  
composition	  of	  breakfasts	  consumed	  was	  unknown	  [10].	  However,	  the	  daily	  
consumption	  of	  breakfast	  –	  regardless	  of	  composition	  –	  is	  important	  in	  decreasing	  the	  
risk	  of	  T2DM.	  
Jovanovic	  et	  al.	  conducted	  two	  randomized	  crossover	  design	  studies	  in	  normal	  
weight,	  healthy	  adults	  and	  in	  obese	  individuals	  with	  T2DM	  [13,	  14]	  to	  examine	  the	  
effects	  of	  skipping	  breakfast	  on	  markers	  of	  glucose	  control	  and	  T2DM	  risk	  factors.	  In	  the	  
first	  Jovanovic	  et	  al.	  study,	  they	  compared	  the	  post-­‐lunch	  metabolic	  alterations	  in	  eight	  
T2DM	  (aged	  56.1	  ±	  2.8	  years)	  obese	  (BMI	  36.0	  ±	  2.5	  kg/m2)	  patients	  on	  3	  days	  in	  no	  
particular	  order:	  breakfast	  consumption,	  breakfast	  skipping,	  and	  breakfast	  skipping	  with	  
an	  arginine	  infusion	  1	  hour	  before	  lunch	  [13].	  Compared	  to	  skipping	  breakfast,	  the	  
consumption	  of	  breakfast	  lowered	  the	  post-­‐lunch	  rise	  in	  plasma	  glucose	  by	  73%	  in	  
healthy,	  normal	  weight	  subjects	  and	  95%	  in	  those	  with	  Type	  2	  diabetes	  (Figure	  2).	  This	  
phenomenon	  is	  referred	  to	  as	  the	  second	  meal	  effect	  (SME)	  [13].	  It	  was	  observed	  that	  
the	  post-­‐lunch	  plasma	  insulin	  levels	  remained	  unchanged	  during	  all	  three	  testing	  days.	  
Jovanovic	  et	  al.	  observed	  a	  decrease	  in	  post-­‐lunch	  free	  fatty	  acid	  (FFA)	  responses	  in	  
those	  who	  ate	  breakfast	  compared	  to	  those	  who	  skipped	  breakfast,	  and	  discovered	  a	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positive	  correlation	  to	  exist	  between	  FFA	  concentrations	  prior	  to	  lunch	  and	  the	  post-­‐
lunch	  rise	  in	  plasma	  glucose	  [13].	  
Figure	  2	  [13]	  
Incremental	  change	  in	  plasma	  glucose	  after	  lunch.	  *P	  <	  0.0001area	  under	  the	  curve	  
(AUC;	  4-­‐8h).	  	  
	  
	  
In	  the	  second	  Jovanovic	  et	  al.	  study,	  they	  attempted	  to	  understand	  the	  
metabolic	  action	  behind	  the	  SME	  ten	  in	  healthy	  (aged	  46.7	  ±	  3.9	  years),	  normal	  weight	  
(BMI	  26.1	  ±	  1.1	  kg/m2)	  subjects	  on	  2	  days	  in	  no	  particular	  order:	  breakfast	  consumption	  
and	  breakfast	  skipping	  [14].	  They	  found	  that	  when	  breakfast	  was	  consumed,	  there	  was	  a	  
50%	  increase	  in	  postprandial	  plasma	  glucose	  conversion	  into	  muscle	  glycogen	  after	  
lunch,	  in	  comparison	  to	  skipping	  breakfast.	  Again,	  a	  positive	  correlation	  was	  shown	  
between	  FFA	  concentrations	  prior	  to	  lunch	  and	  the	  post-­‐lunch	  rise	  in	  plasma	  glucose	  
and	  a	  negative	  correlation	  was	  shown	  between	  FFA	  concentrations	  prior	  to	  lunch	  and	  
the	  post-­‐lunch	  increase	  in	  muscle	  glycogen	  synthesis	  [14].	  A	  potential	  explanation	  to	  
improved	  glycemic	  control	  is	  that	  prolonged	  elevation	  in	  FFAs,	  which	  occur	  during	  
prolonged	  fasting	  periods	  (i.e.,	  breakfast	  skipping),	  results	  in	  the	  inhibition	  of	  net	  
hepatic	  glycogen	  utilization,	  increases	  in	  gluconeogenesis,	  and	  reductions	  in	  glucose	  
utilization	  [14,	  15,	  60].	  This	  is	  important	  due	  to	  several	  studies	  indicating	  that	  increased	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plasma	  FFA	  concentrations	  leads	  to	  insulin	  resistance	  and	  T2DM	  [61,	  62].	  Because	  
muscle	  glycogen	  synthesis	  is	  defective	  in	  T2DM	  patients,	  the	  findings	  in	  these	  studies	  
may	  be	  applied	  as	  a	  therapeutic	  strategy.	  Based	  on	  these	  findings,	  it	  is	  possible	  that	  
breakfast	  consumption	  leads	  to	  decreased	  circulating	  FFAs	  which	  in	  turn	  stimulates	  net	  
hepatic	  glycogen	  utilization,	  decreases	  gluconeogenesis,	  and	  increases	  glucose	  
utilization.	  
	  
III. Breakfast	  Consumption	  
Glycemic	  Index	  	  	  
Another	  dietary	  factor	  to	  consider	  regarding	  the	  consumption	  of	  breakfast	  
includes	  the	  macronutrient	  composition	  of	  the	  morning	  meal.	  Postprandial	  glucose	  
concentrations	  are	  altered	  by	  both	  the	  amount	  and	  type	  of	  carbohydrate	  (CHO)	  
consumed	  [15].	  Jenkins	  et	  al.	  conducted	  a	  study	  to	  compare	  the	  effects	  of	  either	  a	  low	  
glycemic	  index	  (LGI)	  breakfast	  (lentils)	  or	  a	  high	  glycemic	  index	  (HGI)	  breakfast	  (whole	  
meal	  bread)	  of	  identical	  CHO	  content	  on	  a	  standard	  lunch	  in	  seven	  healthy	  subjects	  
(aged	  26	  ±	  3	  years)	  [16,	  17].	  Jenkins	  et	  al.	  reported	  that	  subjects	  showed	  improved	  CHO	  
metabolism/tolerance	  during	  the	  lunch	  meal	  following	  the	  consumption	  of	  either	  a	  LGI	  
meal	  containing	  fiber	  or	  slowly	  absorbed	  CHO.	  The	  consumption	  of	  LGI	  foods	  in	  one	  
meal	  reduces	  the	  glycemic	  response	  (meaning	  blood	  glucose	  is	  more	  regulated)	  to	  a	  
subsequent	  meal	  [16,	  63].	  	  
LGI	  foods	  have	  a	  slower	  delivery	  rate	  than	  do	  HGI	  foods,	  which	  may	  be	  the	  cause	  
of	  the	  reduced	  glycemic	  response	  to	  a	  subsequent	  meal	  [63].	  Numerous	  studies	  also	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indicate	  that	  LGI	  foods	  enhance	  lipid	  profiles.	  Liljeberg	  et	  al.	  conducted	  a	  study	  on	  ten	  
healthy	  subjects	  (aged	  25-­‐51	  years)	  to	  assess	  the	  response	  of	  a	  LGI	  breakfast	  on	  
lipaemia	  and	  glucose	  tolerance	  at	  a	  subsequent	  meal	  [64].	  Liljeberg	  et	  al.	  illustrated	  a	  
lowered	  glucose	  and	  insulin	  response	  along	  with	  reduced	  serum	  triglyceride	  levels	  at	  
the	  subsequent	  lunch	  meal	  when	  the	  LGI	  spaghetti	  was	  consumed	  at	  breakfast	  
compared	  to	  the	  HGI	  white	  wheat	  bread	  [64].	  Elevated	  serum	  triglyceride	  levels	  and	  
reduced	  insulin	  sensitivity	  are	  established	  risk	  factors	  for	  cardiovascular	  disease	  and	  
T2DM.	  Thus,	  Liljeberg	  et	  al.	  demonstrated	  that	  an	  LGI	  breakfast	  is	  beneficial	  in	  reducing	  
the	  risk	  of	  these	  diseases	  [64].	  Moreover,	  Schulze	  et	  al.	  prospectively	  analyzed	  a	  follow	  
up	  with	  the	  Nurses’	  Health	  Study	  II,	  a	  prospective	  cohort	  study	  involving	  91249	  U.S.	  
female	  nurses	  (aged	  24-­‐44	  years)	  to	  investigate	  the	  association	  between	  the	  risk	  of	  
T2DM	  and	  glycemic	  index,	  glycemic	  load,	  and	  dietary	  fiber	  [65].	  They	  found	  that	  HGI	  
foods	  were	  strongly	  associated	  with	  the	  increased	  risk	  of	  T2DM	  and	  that	  high	  fiber	  foods	  
were	  strongly	  associated	  with	  the	  decreased	  risk	  of	  T2DM.	  This	  study	  also	  mentioned	  
that	  HGI	  diets	  lead	  to	  elevated	  FFA	  concentrations	  in	  both	  diabetic	  and	  healthy	  persons	  
[65,	  66].	  A	  limitation	  of	  the	  Liljeberg	  et	  al.	  analysis	  was	  that	  the	  composition	  of	  
breakfasts	  consumed	  was	  unknown.	  Alternately,	  the	  consumption	  of	  rapidly	  absorbed	  
HGI	  foods	  lead	  to	  a	  large	  increase	  in	  blood	  insulin	  followed	  by	  a	  quick	  decrease	  in	  blood	  
glucose,	  and	  ultimately	  stimulated	  FFA	  release.	  Over	  time,	  this	  may	  lead	  to	  insulin	  
resistance	  and	  impaired	  CHO	  tolerance	  [63].	  Therefore,	  it	  is	  important	  to	  understand	  
the	  quality	  of	  CHO	  to	  help	  prevent	  the	  etiology	  of	  T2DM.	  Although	  the	  incorporation	  of	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slow	  releasing	  CHO	  are	  dietary	  fiber	  are	  effective	  in	  reducing	  GI,	  the	  replacement	  of	  
CHO	  with	  dietary	  protein	  also	  reduces	  GI,	  thus	  exerting	  similar	  alterations.	  
As	  the	  rise	  in	  meal	  frequency	  continues	  to	  increase	  in	  the	  U.S.,	  so	  too	  does	  the	  
proportion	  of	  CHO	  content	  in	  meals	  [67].	  Ludwig	  et	  al.	  provided	  a	  synopsis	  of	  events	  
that	  arise	  following	  a	  high	  CHO	  meal	  [68].	  Once	  a	  high	  CHO	  food	  is	  ingested,	  it	  is	  
promptly	  absorbed	  and	  results	  in	  hyperglycemia.	  Insulin	  is	  secreted,	  allowing	  muscle	  
and	  adipose	  tissue	  to	  uptake	  the	  glucose	  in	  an	  effort	  to	  return	  glucose	  levels	  back	  to	  
normal	  (80-­‐100	  mg/dl).	  Due	  to	  the	  elevated	  levels	  of	  insulin	  in	  circulation,	  a	  period	  of	  
hypoglycemia	  occurs	  which	  leads	  to	  the	  increased	  feeling	  of	  hunger.	  Consequently,	  a	  
high	  CHO	  meal	  may	  result	  in	  less	  glycemic	  control	  –	  a	  greater	  increase	  and	  decrease	  in	  
postprandial	  blood	  glucose	  [69,	  70].	  This	  rapid	  rise	  and	  fall	  in	  blood	  glucose	  may	  lead	  to	  
an	  increase	  in	  caloric	  intake	  [71].	  	  
High	  CHO	  	  
Chandler-­‐Laney	  et	  al.	  conducted	  a	  study	  to	  examine	  the	  effects	  a	  high	  CHO/low	  
fat	  meal	  has	  on	  glycemic	  control	  in	  64	  overweight	  but	  otherwise	  healthy	  adults	  (aged	  
21-­‐50	  years).	  The	  participants	  were	  assigned	  either	  the	  isocaloric	  low	  CHO/high	  fat	  
breakfast	  meal	  or	  the	  high	  CHO/low	  fat	  breakfast	  meal.	  Participants	  who	  consumed	  the	  
high	  CHO/low	  fat	  breakfast	  meal	  had	  greater	  postprandial	  plasma	  insulin,	  lower	  3-­‐	  and	  
4-­‐hour	  plasma	  glucose,	  earlier	  glucose	  peak,	  and	  reported	  hunger	  sooner.	  The	  earlier	  
onset	  of	  hunger	  reported	  by	  the	  participants	  in	  the	  high	  CHO/low	  fat	  group	  might	  be	  
attributed	  to	  the	  earlier	  increase	  and	  decrease	  in	  postprandial	  glucose	  concentrations.	  
The	  high	  CHO/low	  fat	  breakfast	  also	  resulted	  in	  the	  reduction	  of	  glucose	  concentrations	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below	  fasting	  concentrations,	  most	  likely	  due	  to	  higher	  insulin	  concentrations.	  This	  
finding	  suggests	  that	  slowly	  digested	  foods	  with	  higher	  content	  of	  fiber,	  protein,	  and	  fat	  
may	  result	  in	  a	  longer	  time	  to	  peak	  glucose	  concentrations	  and	  a	  slower	  decline	  in	  
glucose	  concentrations.	  The	  limitation	  of	  this	  study	  was	  the	  sample	  size	  used,	  therefore	  
causing	  the	  inability	  to	  differentiate	  between	  the	  effects	  of	  total	  CHO	  content	  from	  total	  
fat	  content.	  
High	  Protein	  	  
Several	  randomized	  cross-­‐over	  design	  studies	  have	  been	  completed	  examining	  
the	  glucose	  and	  insulin	  responses	  to	  normal	  vs.	  high	  protein	  breakfast	  meals	  (See	  Table	  
1).	  Below	  is	  a	  summary	  of	  the	  state	  of	  the	  research	  regarding	  the	  effects	  of	  acute	  higher	  
protein	  meals	  on	  glycemic	  control.	  
Table	  1:	  Acute	  studies	  examining	  the	  effects	  of	  protein	  quantity	  in	  mixed-­‐macronutrient,	  
solid	  meals.	  ü:	  	  Difference	  between	  High	  Protein	  vs.	  Normal	  Protein	  Meals;	  Ø:	  	  No	  
Differences	  were	  observed.	  
	  
Reference	  
Acute	  Meals	   Hormonal	  Response	  
Normal	  
Protein	  
(g)	  
High	  
Protein	  	  	  	  	  	  	  	  	  	  	  	  
(g)	  
Energy	  
Content	  
(kcal)	  
Meal	   Glucose	  ↓	  
Insulin	  
↓	  
Belza,	  2013	  [21]	   24	   88	   700	   Breakfast	   Ø	   ü	  
Blom,	  2006	  [22]	   19	   57	   400	   Breakfast	   ü	   Ø	  
Acheson,	  2011	  [23]	   1	   57	   450	   Breakfast	   ü	   ü	  
Leidy,	  2010	  [72]	   26	   46	   700	   Breakfast	   Ø	   Ø	  
Al	  Awar,	  2005	  [24]	   20	   35	   400	   Breakfast	   Ø	   ü	  
Veldhorst,	  2009	  [28]	   15	   38	   600	   Breakfast	   ü	   ü	  
Veldhorst,	  2009	  [20]	  	   15	   38	   600	   Breakfast	   ü	   ü	  
Veldhorst,	  2009	  [29]	   15	   38	   600	   Breakfast	   ü	   ü	  
Leidy,	  2007	  [73]	   17	   28	   400	   Breakfast	   Ø	   Ø	  
Makris,	  2011	  [31]	   12	   24	   350	   Breakfast	   Ø	   Ø	  
Ratliff,	  2010[25]	   16	   23	   400	   Breakfast	   ü	   ü	  
Agus,	  2000[26]	   17	   30	   450	   Breakfast	   ü	   ü	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Ratliff	  et	  al.	  conducted	  a	  randomized	  crossover	  trial	  to	  examine	  the	  effects	  of	  
two	  isocaloric	  breakfast	  meals	  (high	  protein/low	  CHO	  egg-­‐based	  breakfast	  vs.	  a	  normal	  
protein/high	  CHO	  bagel-­‐based	  breakfast)	  on	  post-­‐prandial	  glucose	  and	  insulin	  responses	  
in	  21	  men	  (aged	  35	  ±	  16	  years;	  BMI	  25.4	  ±	  3.39	  kg/m2)	  [25].	  	  The	  high	  protein,	  egg-­‐based	  
breakfast	  substantially	  suppressed	  post-­‐breakfast	  (i.e.,	  3	  h)	  insulin	  and	  glucose	  AUCs	  
concentrations	  compared	  with	  the	  bagel-­‐based	  breakfast	  (Figure	  3	  &	  Figure	  4)[25].	  
Figure	  3	  [25]	  
Comparisons	  between	  postprandial	  glucose	  responses	  between	  EGG	  (diamonds)	  and	  
BAGEL	  (squares).	  *	  Indicates	  significantly	  (P	  <	  0.05)	  different	  at	  a	  given	  point	  of	  time.	  
Area	  under	  the	  curve	  was	  significantly	  lower	  in	  the	  EGG	  compared	  with	  the	  BAGEL	  (P	  <	  
0.01).	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Figure	  4	  [25]	  
Comparisons	  between	  postprandial	  insulin	  responses	  between	  EGG	  (diamonds)	  and	  
BAGEL	  (squares).	  *	  Indicates	  significantly	  (P	  <	  0.05)	  different	  at	  a	  given	  point	  of	  time.	  
Area	  under	  the	  curve	  was	  significantly	  lower	  in	  the	  EGG	  compared	  with	  the	  BAGEL	  (P	  <	  
0.01).	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However,	  as	  shown	  in	  Leidy	  et	  al.,	  the	  4-­‐hour	  postprandial	  glucose	  and	  insulin	  
responses	  were	  not	  different	  following	  the	  consumption	  of	  HP	  vs.	  NP	  breakfast	  meals	  
[30].	  These	  findings	  were	  further	  confirmed	  in	  a	  12	  hour	  testing	  day	  including	  HP	  vs.	  NP	  
breakfast,	  lunch,	  and	  dinner	  meals	  [27].	  However,	  one	  point	  to	  consider	  is	  that	  neither	  
study	  examined	  the	  glucose	  and	  insulin	  responses	  at	  the	  subsequent	  meals.	  
Chen	  et	  al.	  examined	  the	  effects	  of	  a	  HP	  pre-­‐load	  (prior	  to	  breakfast)	  on	  the	  
post-­‐breakfast	  glucose,	  insulin,	  and	  FFA	  response	  in	  a	  randomized	  crossover	  study	  
involving	  10	  men	  and	  women	  (aged	  61	  ±	  2.3	  years)	  with	  T2DM	  (BMI	  28.8	  ±	  1.0	  kg/m2)	  
[74].	  They	  found	  a	  40%	  reduction	  in	  post-­‐breakfast	  glucose	  concentrations	  with	  the	  pre-­‐
breakfast,	  pre-­‐load	  compared	  to	  no	  pre-­‐load	  (Figure	  5).	  No	  differences	  in	  post-­‐breakfast	  
insulin	  or	  FFA	  concentrations	  were	  observed	  [74].	  	  	  
Figure	  5	  [74]	  
Metabolic	  changes	  between	  the	  2	  study	  days	  in	  10	  subjects	  with	  type	  2	  diabetes:	  
incremental	  area	  under	  the	  plasma	  glucose	  curves	  during	  the	  5-­‐h	  post-­‐breakfast	  period.	  
P	  <	  0.02.	  
	  
	  
	  
Belza	  et	  a.	  conducted	  a	  3-­‐way,	  randomized	  crossover,	  double-­‐blind	  controlled	  study	  
to	  examine	  the	  mechanistic	  effects	  three	  isocaloric	  test	  meals	  of	  varying	  protein	  content	  
(NP	  14%;	  medium-­‐HP	  25%;	  HP	  50%)	  have	  on	  plasma	  glucose	  and	  insulin	  levels	  in	  twenty-­‐
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five	  men	  (aged	  30.0	  ±	  8.7	  years;	  BMI	  25.9	  ±	  4.7	  kg/m2)	  [21].	  The	  plasma	  insulin	  response	  
was	  decreased	  after	  consumption	  of	  the	  HP	  test	  meal	  compared	  the	  NP	  and	  medium-­‐HP	  
test	  meals,	  although	  there	  was	  no	  dose-­‐dependent	  response	  difference	  between	  the	  3	  
isocaloric	  test	  meals	  [21].	  	  	  
Blom	  et	  al.	  examined	  the	  effects	  HP	  (58%	  protein)	  vs.	  NP	  (19%	  protein)	  isocaloric	  
breakfasts	  have	  on	  plasma	  glucose	  and	  insulin	  in	  a	  single-­‐blind,	  crossover	  study	  
involving	  fifteen	  lean,	  healthy	  men	  (aged	  20.5	  ±	  2.5	  years;	  BMI	  21.6	  ±	  1.9	  kg/m2)	  [22].	  
The	  researchers	  observed	  that	  the	  HP	  breakfast	  had	  a	  lower	  increase	  in	  plasma	  glucose.	  
However,	  no	  significant	  difference	  was	  observed	  in	  plasma	  insulin	  between	  the	  meals	  
[22].	  	  	  
Acheson	  et	  al.	  conducted	  a	  randomized,	  double-­‐blind,	  crossover,	  5-­‐treatment	  trial	  
study	  in	  twenty-­‐three	  lean,	  healthy	  subjects	  (aged	  32	  ±	  6.3	  years;	  BMI	  22.7	  ±	  1.7	  kg/m2)	  
to	  investigate	  the	  effects	  4	  isocaloric	  test	  meals	  (3	  of	  the	  meals	  provided	  50%	  of	  energy	  
as	  whey,	  casein,	  or	  soy	  protein	  vs.	  a	  high	  CHO	  meal)	  have	  on	  plasma	  glucose	  and	  insulin	  
levels	  [23].	  They	  found	  that	  plasma	  insulin	  was	  increased	  in	  the	  HP	  meal	  compared	  to	  
the	  NP	  meal.	  However,	  it	  was	  observed	  that	  glucose	  was	  decreased	  in	  the	  HP	  meal	  
compared	  to	  the	  NP	  meal	  [23].	  	  	  	  	  
Al	  Awar	  et	  al.	  examined	  the	  postprandial	  effect	  of	  three	  isocaloric	  breakfast	  meals	  
(low-­‐protein	  =	  10%,	  NP	  =	  20%,	  and	  HP	  =	  35%)	  on	  circulating	  levels	  of	  plasma	  glucose	  and	  
insulin	  in	  eleven	  young,	  healthy	  women	  (aged	  22.6	  ±	  0.7	  years;	  BMI	  20.4	  ±	  0.4	  kg/m2)	  in	  
a	  randomized	  crossover	  study	  [24].	  The	  investigators	  observed	  that	  the	  HP	  breakfast	  
meal	  decreased	  the	  plasma	  insulin	  response	  compared	  to	  the	  low-­‐protein	  and	  NP	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breakfast	  meals.	  However,	  no	  significant	  differences	  were	  observed	  for	  plasma	  glucose	  
levels.	  	  	  	  	  	  
Veldhorst	  et	  al.	  conducted	  three	  separate	  trials	  to	  investigate	  the	  effects	  different	  
types	  of	  protein	  (casein;	  soy;	  whey)	  have	  on	  plasma	  glucose	  and	  insulin	  levels	  [20,	  28,	  
29].	  In	  the	  first	  study,	  Veldhorst	  et	  al.	  compared	  the	  effects	  normal	  (10%)	  and	  high	  
(25%)	  whey	  protein	  isocaloric	  breakfast	  meals	  have	  on	  plasma	  glucose	  and	  insulin	  levels	  
in	  twenty-­‐five	  healthy	  subjects	  (aged	  22	  ±	  1	  years;	  BMI	  23.9	  ±	  0.3	  kg/m2)	  in	  a	  
randomized,	  single-­‐blind	  trial	  [28].	  It	  was	  observed	  that	  plasma	  glucose	  and	  insulin	  
concentrations	  were	  higher	  in	  the	  high	  whey	  protein	  breakfast	  meal	  compared	  to	  the	  
normal	  whey	  protein	  breakfast	  meal	  [28].	  In	  contrast	  to	  the	  previously	  mentioned	  study,	  
Veldhorst	  et	  al.	  compared	  the	  effects	  normal	  (10%)	  and	  high	  (25%)	  casein	  protein	  
isocaloric	  breakfast	  meals	  have	  on	  plasma	  glucose	  and	  insulin	  in	  twenty-­‐five	  healthy	  
subjects	  (aged	  22	  ±	  1	  years;	  BMI	  23.9	  ±	  0.3	  kg/m2)	  in	  a	  randomized,	  single-­‐blind	  study	  
[20].	  They	  found	  that	  plasma	  glucose	  and	  insulin	  concentrations	  were	  lower	  in	  the	  in	  the	  
high	  casein	  protein	  breakfast	  meal	  compared	  to	  the	  normal	  casein	  protein	  breakfast	  
meal	  [20].	  Similarly	  to	  the	  first	  Veldhorst	  et	  al.	  study	  mentioned	  above	  [28],	  Veldhorst	  et	  
al.	  compared	  the	  effects	  normal	  (10%)	  and	  high	  (25%)	  soy	  protein	  isocaloric	  breakfast	  
meals	  have	  on	  plasma	  glucose	  and	  insulin	  in	  twenty-­‐five	  healthy	  subjects	  (aged	  22	  ±	  1	  
years;	  BMI	  23.9	  ±	  0.3	  kg/m2)	  in	  a	  randomized,	  single-­‐blind	  study	  [29].	  It	  was	  observed	  
that	  plasma	  glucose	  and	  insulin	  concentrations	  were	  higher	  in	  the	  high	  soy	  protein	  
breakfast	  meal	  compared	  to	  the	  normal	  soy	  protein	  breakfast	  meal	  [29].	  The	  Veldhorst	  
et	  al.	  studies	  described	  above	  illustrate	  that	  not	  only	  protein	  concentration,	  but	  the	  type	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of	  protein	  (casein;	  soy;	  whey),	  must	  also	  be	  taken	  into	  consideration	  at	  the	  breakfast	  
meal	  to	  more	  clearly	  analyze	  proteins’	  effects	  on	  plasma	  glucose	  and	  insulin	  [20,	  28,	  29].	  	  
Collectively,	  the	  data	  is	  inconclusive	  with	  some	  [20-­‐26],	  but	  not	  all	  studies	  [27-­‐33],	  
reporting	  blunted	  post-­‐prandial	  glucose	  and	  insulin	  responses	  following	  the	  
consumption	  of	  high	  vs.	  normal	  protein	  breakfast	  meals.	  	  	  	  	  
	  
IV. 	  High	  Protein	  Diets	  and	  Health	  Outcomes	  Related	  to	  Glucose	  Control	  	  
Wycherley	  et	  al.	  conducted	  a	  meta-­‐analysis	  consisting	  of	  24	  trials	  in	  overweight	  
and	  obese	  adults	  to	  compare	  the	  effects	  of	  energy-­‐restricted	  HP	  diets	  vs.	  isocaloric	  NP	  
diets	  on	  health	  related	  outcomes,	  including	  glucose	  control	  	  [75].	  Although	  isocaloric	  HP	  
diets	  led	  to	  greater	  weight	  loss,	  improved	  body	  composition,	  increased	  resting	  energy	  
expenditure,	  and	  decreased	  fasting	  FFA,	  no	  differences	  in	  fasting	  glucose	  concentrations	  
were	  detected	  between	  diets.	  However,	  Dong	  et	  al.	  conducted	  a	  meta-­‐analysis	  of	  nine	  
randomized	  control	  trials	  to	  examine	  the	  effects	  HP	  diets	  on	  weight	  management	  and	  
metabolic	  risk	  factors	  in	  T2DM	  subjects	  [76].	  In	  this	  analysis,	  greater	  weight	  loss	  and	  
considerably	  decreased	  HbA1C	  levels	  were	  detected	  following	  the	  HP	  diets	  despite	  no	  
changes	  in	  fasting	  plasma	  glucose	  concentrations	  or	  lipid	  profiles	  [76].	  	  
Taken	  together	  these	  data	  suggest	  that	  there	  is	  inconclusive	  and	  sometimes	  
conflicting	  evidence	  regarding	  the	  effects	  NP	  and	  HP	  meals	  have	  on	  glycemic	  control.	  
Therefore,	  further	  studies	  should	  be	  conducted	  to	  better	  clarify	  the	  effects	  NP	  and	  HP	  
meals	  have	  on	  glycemic	  control	  and	  whether	  HP	  meals	  may	  be	  more	  beneficial	  than	  NP	  
meals	  in	  overweight/obese,	  habitual	  breakfast	  skipping	  adolescents.	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III. Summary	  
• Obesity	  continues	  to	  significantly	  impact	  the	  lives	  of	  American	  young	  people	  	  
• Numerous,	  unhealthy	  dietary	  habits	  contributing	  to	  the	  obesity	  epidemic;	  in	  
particular,	  breakfast	  skipping	  appears	  to	  be	  a	  primary	  factor	  due	  to	  the	  strong	  
association	  with	  overeating,	  weight	  gain,	  obesity,	  poor	  glucose	  control	  and	  
T2DM.	  
• Although	  the	  consumption	  of	  breakfast	  improves	  glucose	  control,	  several	  key	  
dietary	  factors	  (i.e.,	  glycemic	  index,	  macronutrient	  content)	  appear	  to	  modulate	  
these	  responses	  
• Breakfast	  meals	  rich	  in	  dietary	  protein	  have	  been	  proposed	  to	  elicit	  immediate	  
and	  sustained	  improvements	  in	  glucose	  control	  compared	  to	  high	  CHO	  meals.	  	  
However,	  current	  evidence	  is	  conflicting	  and	  limited,	  particularly	  in	  
overweight/obese,	  habitual	  breakfast	  skipping	  young	  people.	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METHODS	  
	  
I. Experimental	  Design	  
Thirty-­‐five	  overweight	  and	  obese	  adolescent	  girls	  participated	  in	  the	  following	  
randomized	  crossover-­‐design	  breakfast	  study.	  	  The	  participants	  were	  grouped	  according	  
to	  habitual	  breakfast	  frequency.	  	  The	  habitual	  breakfast	  skipping	  group	  randomly	  
completed	  the	  following	  breakfast	  patterns	  at	  home	  for	  3	  days:	  1)	  Breakfast	  Skipping	  
(BS);	  2)	  Consumption	  of	  Normal	  Protein	  (NP)	  breakfast	  meals;	  and	  3)	  Consumption	  of	  
Higher	  Protein	  (HP)	  breakfast	  meals.	  	  The	  habitual	  breakfast	  consuming	  group	  randomly	  
completed	  the	  following	  breakfast	  patterns	  at	  home	  for	  3	  days:	  1)	  Consumption	  of	  NP	  
breakfast	  meals	  and	  2)	  Consumption	  of	  HP	  breakfast	  meals.	  	  On	  the	  4th	  day	  of	  each	  
pattern	  (for	  both	  groups),	  the	  participants	  came	  to	  the	  University	  of	  Missouri	  in	  the	  
morning	  to	  complete	  the	  respective	  8-­‐h	  testing	  day.	  	  The	  participants	  began	  the	  testing	  
day	  by	  completing	  their	  respective	  breakfast	  pattern.	  	  At	  4-­‐	  h	  post-­‐breakfast,	  a	  NP	  lunch	  
was	  provided.	  	  Blood	  samples	  were	  collected	  at	  specific	  times	  throughout	  the	  8-­‐h	  day	  
for	  assessment	  of	  plasma	  insulin	  and	  glucose	  responses.	  	  
II. Study	  Participants	  
Adolescent	  girls	  were	  recruited	  from	  the	  Columbia,	  MO	  area	  through	  
advertisements,	  flyers,	  and	  email	  list	  serves	  to	  participate	  in	  the	  study.	  	  Eligibility	  was	  
determined	  through	  the	  following	  inclusion	  criteria:	  1)	  age	  range	  of	  13-­‐20	  y;	  2)	  
overweight	  to	  obese	  (BMI:	  	  25-­‐34.9	  kg/m2);	  3)	  no	  metabolic	  or	  neurological	  diseases	  or	  
other	  health	  complications;	  4)	  not	  been	  clinically	  diagnosed	  with	  an	  eating	  disorder;	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and,	  5)	  not	  currently	  or	  previously	  on	  a	  weight	  loss	  or	  other	  special	  diet	  in	  the	  past	  6	  
months;	  6)	  documented	  regular	  menstrual	  cycles	  between	  21-­‐36	  days	  in	  duration	  for	  
the	  past	  6	  months.	  	  The	  ‘breakfast	  skipping’	  group	  infrequently	  consumed	  breakfast	  
(i.e.,	  ≤	  2	  breakfast	  occasions/wk),	  whereas	  the	  ‘breakfast	  consuming’	  group	  frequently	  
consumed	  a	  CHO-­‐rich	  breakfast	  (≥	  5	  eating	  occasions/wk).	  	  There	  was	  a	  20%	  drop-­‐out	  
rate	  from	  the	  study	  due	  to	  fine	  constraints	  and	  non-­‐compliance	  to	  the	  breakfast	  
patterns.	  
Three	  hundred	  and	  fifty	  teens	  were	  interested	  in	  participating	  in	  the	  study.	  	  
Twenty-­‐five	  breakfast	  skippers	  and	  thirty-­‐one	  breakfast	  consumers	  met	  the	  screening	  
criteria,	  were	  available	  for	  the	  8-­‐h	  testing	  days,	  and	  began	  the	  study.	  	  Twenty	  breakfast	  
skippers	  and	  15	  breakfast	  consumers	  completed	  all	  study	  procedures.	  	  Subject	  
characteristics	  are	  presented	  in	  Table	  2.	  	  All	  participants	  and	  their	  parents	  (if	  participant	  
was	  <18	  y	  of	  age)	  were	  informed	  of	  the	  study	  purpose,	  procedures,	  and	  risks	  and	  signed	  
the	  consent/assent	  forms.	  	  The	  study	  was	  approved	  by	  the	  MU	  Health	  Sciences	  IRB.	  The	  
participants	  received	  a	  stipend	  of	  $150/testing	  day.	  	  
III. Breakfast	  Patterns	  
The	  participants	  completed	  each	  breakfast	  pattern	  for	  a	  total	  of	  4	  consecutive	  
days/pattern	  (i.e.,	  3	  acclimation	  days/pattern	  and	  1	  testing	  day/pattern).	  	  For	  the	  BS	  
pattern	  (for	  the	  habitual	  breakfast	  skippers	  only),	  the	  participants	  continued	  to	  skip	  the	  
morning	  meal.	  	  For	  the	  NP	  and	  HP	  patterns	  (for	  both	  groups),	  the	  participants	  were	  
provided	  with	  specific	  breakfast	  meals	  and	  asked	  to	  consume	  these	  at	  home	  (before	  
school)	  between	  7-­‐9:30	  am	  for	  3	  days.	  	  Throughout	  this	  period,	  the	  participants	  were	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permitted	  to	  eat	  ad	  libitum	  throughout	  the	  remainder	  of	  each	  day.	  	  On	  Day	  4,	  they	  
completed	  the	  respective	  testing	  day.	  	  There	  was	  a	  7-­‐day	  washout	  period	  in	  between	  
each	  of	  the	  breakfast	  patterns	  in	  which	  all	  participants	  returned	  to	  their	  previous	  
habitual	  breakfast	  behavior.	  
IV. Breakfast	  and	  Lunch	  Meals	  
The	  dietary	  characteristics	  of	  the	  breakfast	  and	  lunch	  meals	  are	  shown	  in	  Table	  
3.	  	  The	  breakfast	  meals	  were	  350	  kcals	  which	  was	  approximately	  18%	  of	  the	  total	  energy	  
intake	  estimated	  from	  the	  energy	  expenditure	  equations	  specific	  for	  adolescents	  [77].	  	  
The	  macronutrient	  composition	  of	  the	  NP	  breakfast	  contained	  15%	  protein,	  65%	  CHO,	  
and	  20%	  fat,	  whereas	  the	  HP	  breakfast	  contained	  40%	  protein,	  40%	  CHO,	  and	  20%	  fat.	  	  
In	  addition	  to	  being	  matched	  for	  fat	  content,	  the	  breakfast	  meals	  were	  similar	  in	  energy	  
density,	  dietary	  fiber,	  and	  sugar	  content.	  	  
The	  NP	  lunch	  meal,	  provided	  in	  each	  testing	  day	  (for	  both	  groups)	  was	  500	  kcal	  
which	  was	  approximately	  25%	  of	  the	  total	  energy	  intake	  [77].	  The	  macronutrient	  
composition	  of	  the	  lunch	  meals	  contained	  15%	  protein,	  65%	  CHO,	  and	  20%	  fat.	  
	  
V. Testing	  	  Day	  Procedures	  
The	  participants	  reported	  to	  the	  research	  facility	  between	  6-­‐9	  am	  after	  an	  
overnight	  fast	  to	  complete	  the	  8-­‐h	  testing	  day.	  	  Each	  participant	  was	  seated	  in	  a	  
reclining	  chair	  and,	  for	  the	  next	  30	  min,	  was	  acclimated	  to	  the	  room	  and	  became	  
familiarized	  with	  the	  testing	  day	  procedures.	  	  A	  catheter	  was	  then	  inserted	  into	  the	  
antecubital	  vein	  of	  the	  non-­‐dominate	  arm	  and	  kept	  patent	  by	  saline	  drip	  throughout	  the	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remainder	  of	  the	  testing	  day.	  	  At	  time	  -­‐15	  min,	  a	  baseline	  (fasting)	  blood	  sample	  was	  
drawn.	  	  At	  time	  0	  min,	  a	  meal	  including	  water	  was	  provided	  during	  the	  NP	  and	  HP	  days	  
and	  only	  water	  during	  the	  BS	  day	  (for	  the	  breakfast	  skippers	  only).	  	  The	  participants	  
consumed	  the	  meal	  and/or	  water	  within	  30	  min.	  	  Blood	  sampling	  was	  completed	  
throughout	  the	  next	  8	  h.	  	  At	  +240	  min	  (i.e.,	  4-­‐h	  post-­‐breakfast),	  the	  NP	  lunch	  was	  
provided.	  	  	  
VI. Repeated	  Blood	  Sampling	  and	  Hormonal	  Analyses	  
Nineteen	  (19)	  blood	  samples	  (4	  ml/sample;	  76	  ml/testing	  day)	  were	  collected	  
throughout	  each	  8-­‐h	  testing	  day.	  Specifically,	  blood	  was	  collected	  at	  -­‐15,	  +0,	  +30,	  +45,	  
+60,	  +90,	  +120,	  +150,	  +180,	  +210,	  +240,	  +270,	  +285,	  +300,	  +330,	  +360,	  +390,	  +420,	  +450	  
min.	  	  The	  samples	  were	  collected	  in	  test	  tubes	  containing	  EDTA	  
(ethylenediaminetetraacetic	  acid).	  	  Within	  10	  min	  of	  collection,	  the	  samples	  were	  
centrifuged	  at	  -­‐4°C	  for	  10	  min.	  	  The	  plasma	  was	  separated	  and	  stored	  in	  microcentrifuge	  
tubes	  at	  -­‐80°C	  for	  future	  analysis.	  	  Plasma	  glucose	  was	  measured	  through	  an	  in-­‐house	  
glucose	  oxidase	  assay	  (Thermo	  FIsher	  Scientific,	  USA).	  	  Plasma	  insulin	  was	  measured	  
using	  the	  Milliplex	  MAP	  magnetic	  bead-­‐based	  multi-­‐analyte	  assay	  (Millipore	  
Corporation;	  St.	  Charles,	  MO;	  HMHMAG-­‐34K).	  	  
VII. Data	  and	  Statistical	  Analyses	  
The	  following	  outcomes	  were	  determined	  for	  the	  plasma	  glucose	  and	  insulin	  
responses:	  4h	  post-­‐breakfast,	  4h	  post-­‐lunch,	  and	  total	  8h	  net	  incremental	  Area	  Under	  
the	  Curve	  (AUC)	  were	  calculated	  from	  the	  fasting	  (baseline)	  time	  point	  and	  the	  
remaining	  points	  for	  each	  outcome.	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A	  repeated	  measures	  ANOVA	  was	  performed	  to	  compare	  the	  main	  effects	  of	  
breakfast	  on	  glucose	  and	  insulin	  responses	  	  in	  both	  groups.	  	  When	  main	  effects	  were	  
detected,	  pairwise	  comparisons,	  using	  Least	  Significant	  Difference,	  were	  applied	  to	  
compare	  differences	  between	  breakfast	  patterns.	  	  Additionally,	  a	  mixed	  factor	  ANOVA	  
was	  performed	  to	  compare	  the	  glucose	  and	  insulin	  responses	  following	  the	  NP	  and	  HP	  
meals	  between	  the	  breakfast	  skipping	  group	  vs.	  breakfast	  consuming	  group.	  
Analyses	  were	  conducted	  using	  the	  Statistical	  Package	  for	  the	  Social	  Sciences	  
(SPSS;	  version	  21.0;	  Chicago,	  IL,	  USA).	  P	  <	  0.05	  was	  	  considered	  statistically	  significant.	  
All	  data	  are	  reported	  at	  mean	  ±	  SEM.	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RESULTS	  
Figures	  6-­‐11	  depict	  the	  glucose	  and	  insulin	  responses	  throughout	  each	  of	  the	  
breakfast	  patterns	  in	  the	  breakfast	  skipping	  and	  breakfast	  consuming	  groups,	  
respectively.	  	  The	  line	  graphs	  illustrate	  the	  time	  course	  of	  change,	  whereas	  the	  bar	  
graphs	  illustrate	  the	  morning,	  afternoon,	  and	  total	  AUC	  measures.	  
Glucose	  	  	  
Within	  the	  breakfast	  skipping	  group,	  a	  main	  effect	  of	  breakfast	  was	  detected	  for	  
morning	  and	  total	  glucose	  AUC	  (both,	  P	  <	  0.05).	  	  Specifically,	  both	  breakfast	  meals	  led	  to	  
increased	  morning	  glucose	  AUC	  (HP:	  1283	  ±	  570	  mg/dL*240	  min;	  NP:	  	  1645	  ±626	  
mg/dL*240	  min)	  vs.	  BS	  (-­‐610	  ±	  514	  mg/dL*240	  min;	  both,	  P	  <	  0.05;	  Figure	  6).	  	  The	  HP	  
breakfast,	  but	  not	  NP,	  led	  to	  increased	  total	  glucose	  AUC	  (HP:	  	  5333	  ±	  944	  mg/dL*450	  
min;	  NP:	  	  4401	  ±	  1180	  mg/dL*450	  min)	  vs.	  BS	  (2651	  ±	  1134	  mg/dL*450	  min;	  P	  <	  0.05;	  
Figure	  6).	  	  No	  other	  differences	  were	  detected	  between	  breakfast	  treatments.	  
Within	  the	  breakfast	  consuming	  group,	  the	  HP	  breakfast	  meal	  led	  to	  reduced	  
morning,	  afternoon,	  and	  total	  glucose	  AUCs	  (536	  ±	  501	  mg/dL*240	  min;	  3145	  ±	  667	  
mg/dL*240	  min;	  and	  3681	  ±	  1127	  mg/dL*450	  min,	  respectively)	  vs.	  NP	  (2002	  ±	  359	  
mg/dL*240	  min;	  4770	  ±	  548	  mg/dL*240	  min;	  and	  6772	  ±	  770	  mg/dL*450	  min,	  
respectively;	  all,	  P	  <	  0.05;	  Figure	  7).	  	  No	  other	  differences	  were	  observed	  between	  
treatments.	  
Lastly,	  the	  main	  effects	  of	  breakfast	  treatment,	  breakfast	  group,	  and	  treatment	  x	  
group	  interactions	  were	  assessed	  (Figure	  10).	  	  Regardless	  of	  group,	  the	  HP	  breakfast	  
tended	  to	  reduced	  morning	  AUC	  vs.	  the	  NP	  breakfast	  (P	  =	  0.065).	  	  In	  addition,	  a	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treatment	  x	  group	  interaction	  was	  detected	  for	  afternoon	  and	  total	  glucose	  AUC	  (both,	  
P	  <	  0.05).	  	  Specifically,	  the	  breakfast	  skippers	  experienced	  lower	  afternoon	  and	  total	  
glucose	  AUC	  following	  the	  NP	  breakfast	  but	  higher	  afternoon	  and	  total	  glucose	  AUC	  
following	  the	  HP	  breakfast	  compared	  to	  the	  breakfast	  consumers	  (all,	  P	  <	  0.05).	  
	  
Insulin	  	  
Within	  the	  breakfast	  skipping	  group,	  a	  main	  effect	  of	  breakfast	  was	  detected	  for	  
morning	  and	  total	  insulin	  AUC	  (both,	  P	  <	  0.05).	  Specifically,	  both	  breakfast	  meals	  led	  to	  
increased	  morning	  insulin	  AUC	  (HP:	  	  109299	  ±	  25245	  pg/mL*240	  min;	  NP:	  	  181934	  ±	  
26165	  pg/mL*240	  min)	  vs.	  BS	  (-­‐11990	  ±	  31978	  pg/mL*240	  min;	  both,	  P	  <	  0.05;	  Figure	  8).	  
However,	  the	  HP	  breakfast	  led	  to	  lower	  morning	  insulin	  AUC	  vs.	  NP	  (P	  <	  0.05).	  	  The	  NP	  
breakfast	  led	  to	  increased	  total	  insulin	  AUC	  (412090	  ±	  52894	  pg/mL*450	  min)	  vs.	  BS	  
(242437	  ±	  60449	  pg/mL*450	  min;	  P	  <	  0.05),	  whereas	  the	  HP	  breakfast	  did	  not	  (347728	  ±	  
72301	  pg/mL*450	  min;	  Figure	  8).	  	  No	  other	  differences	  were	  observed	  between	  
treatments.	  	  	  	  
Within	  the	  breakfast	  consuming	  group,	  no	  differences	  in	  morning,	  afternoon,	  or	  
total	  insulin	  AUCs	  were	  detected	  between	  breakfast	  meals	  (Figure	  9).	  
Lastly,	  the	  main	  effects	  of	  breakfast	  treatment,	  breakfast	  group,	  and	  treatment	  x	  
group	  interactions	  were	  assessed	  (Figure	  11).	  	  Regardless	  of	  group,	  the	  HP	  breakfast	  led	  
to	  reduced	  morning	  and	  total	  insulin	  AUC	  vs.	  the	  NP	  breakfast	  (P	  <	  0.05).	  	  However,	  no	  
other	  main	  effects	  or	  interactions	  were	  observed.	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DISCUSSION	  	  
We	  sought	  to	  examine	  the	  effects	  of	  increased	  dietary	  protein	  at	  breakfast	  on	  
glycemic	  control	  in	  overweight/obese	  adolescent	  girls	  who	  habitually	  skip	  breakfast	  as	  
well	  as	  those	  who	  habitually	  consume	  a	  high	  CHO	  breakfast.	  	  As	  expected,	  the	  addition	  
of	  breakfast,	  regardless	  of	  macronutrient	  content,	  led	  to	  increased	  morning	  glucose	  and	  
insulin	  responses	  in	  the	  habitual	  breakfast	  skipping	  group.	  	  When	  comparing	  the	  normal	  
protein	  vs.	  high	  protein	  breakfast	  meals,	  the	  post-­‐lunch	  glycemic	  responses	  were	  
different	  between	  the	  meals	  but	  were	  significantly	  modulated	  by	  the	  frequency	  of	  
habitual	  breakfast	  consumption.	  	  For	  example,	  the	  breakfast	  skippers	  experienced	  lower	  
afternoon	  and	  total	  glucose	  concentrations	  following	  the	  normal	  protein	  breakfast	  but	  
higher	  afternoon	  and	  total	  glucose	  concentrations	  following	  the	  high	  protein	  breakfast	  
compared	  to	  the	  breakfast	  consumers.	  	  Collectively,	  these	  data	  suggest	  that	  the	  addition	  
of	  breakfast,	  regardless	  of	  protein	  content,	  has	  very	  little	  effect	  on	  post-­‐lunch	  glycemic	  
control	  in	  individuals	  who	  habitually	  skip	  the	  morning	  meal	  but	  illustrates	  novel	  
differences	  in	  the	  glycemic	  response	  to	  high	  versus	  normal	  protein	  breakfast	  meals	  
which	  appears	  to	  be	  influenced	  by	  habitual	  breakfast	  frequency.	  
Acute,	  post-­‐prandial	  hyperglycemia	  elicits	  detrimental,	  hemodynamic	  effects	  on	  
indices	  of	  cardiovascular	  function	  including	  increased	  heart	  rate,	  increased	  systolic	  and	  
diastolic	  blood	  pressure,	  and	  increased	  plasma	  catecholamines	  in	  non-­‐diabetic,	  healthy	  
populations	  [78,	  79].	  	  In	  the	  last	  fifteen	  years,	  several	  observational	  studies	  have	  
demonstrated	  that	  increased	  post-­‐prandial	  glucose	  concentrations	  are	  associated	  with	  a	  
threefold	  increased	  risk	  of	  various	  cardiovascular	  complications	  [80-­‐83].	  	  In	  addition,	  a	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prospective	  study	  analyzing	  diabetes,	  obesity,	  and	  lifestyle	  in	  10,000	  Australians	  
provided	  evidence	  of	  a	  dose-­‐dependent	  relationship	  between	  post-­‐prandial	  glucose	  
concentrations	  and	  cardiovascular	  mortality	  [84].	  	  In	  T2DM	  subjects,	  elevated	  post-­‐
prandial	  glucose	  concentrations	  (>	  10	  mmol/L)	  was	  associated	  with	  a	  40%	  increased	  risk	  
of	  myocardial	  infarction	  compared	  to	  those	  with	  post-­‐prandial	  glucose	  levels	  <	  8	  
mmol/L,	  particularly	  in	  women	  [85,	  86].	  	  Post-­‐prandial	  glucose	  concentrations	  also	  
appear	  to	  be	  the	  most	  important	  predictor	  of	  cardiovascular	  disease,	  even	  more	  so	  than	  	  
fasting	  glucose	  levels	  or	  HbA1C	  levels	  [78].	  	  Thus,	  strategies	  to	  reduce	  post-­‐prandial	  
hyperglycemia	  might	  be	  beneficial	  in	  preventing	  the	  manifestation	  of	  T2DM	  and	  
cardiovascular	  diseases.	  	  One	  such	  strategy	  includes	  the	  addition	  of	  breakfast,	  
particularly	  one	  rich	  in	  protein.	  	  	  
Breakfast	  skipping	  has	  been	  negatively	  associated	  with	  poor	  glucose	  control	  and	  
an	  increased	  risk	  of	  developing	  T2DM	  and	  cardiovascular	  disease	  [10,	  13].	  	  Thus,	  the	  
daily	  consumption	  of	  breakfast	  may	  beneficially	  modulate	  blood	  glucose	  control	  
throughout	  the	  day	  [59].	  	  	  
Jovanovic	  et	  al.	  conducted	  two	  randomized	  crossover	  design	  studies	  in	  normal	  
weight,	  healthy	  adults	  and	  in	  obese	  individuals	  with	  T2DM	  	  to	  examine	  the	  effects	  of	  
skipping	  breakfast	  on	  markers	  of	  glucose	  control	  and	  T2DM	  risk	  factors	  [13,	  14].	  	  Post-­‐
lunch	  metabolic	  responses	  were	  compared	  following	  the	  consumption	  of	  a	  normal	  
protein	  (i.e.,	  high	  CHO)	  breakfast,	  or	  no	  breakfast,	  in	  healthy,	  normal	  weight	  adults	  and	  
obese	  adults	  with	  T2DM	  who	  were	  habitual	  breakfast	  consumers	  [13,	  14].	  	  Compared	  to	  
skipping	  breakfast,	  the	  consumption	  of	  breakfast	  lowered	  the	  post-­‐lunch	  rise	  in	  plasma	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glucose	  by	  73%	  in	  healthy,	  normal	  weight	  subjects	  and	  95%	  in	  those	  with	  Type	  2	  
diabetes.	  	  The	  reduced	  glycemic	  control	  during	  a	  subsequent	  meal	  (i.e.,	  lunch)	  when	  the	  
prior	  meal	  (i.e.,	  breakfast)	  is	  skipped	  has	  been	  termed	  ‘the	  second	  meal	  phenomenon’	  
[13,	  14]	  and	  has	  been	  postulated	  to	  occur	  as	  a	  result	  of	  an	  increased	  glucose	  conversion	  
into	  muscle	  glycogen	  after	  lunch	  [14].	  	  Specifically,	  Jovanovic	  et	  al.	  reported	  a	  50%	  
increase	  in	  postprandial	  plasma	  glucose	  conversion	  into	  muscle	  glycogen	  after	  lunch	  
following	  breakfast	  compared	  to	  when	  breakfast	  was	  skipped	  	  [14].	  	  	  
Unlike	  Jovanovic	  et	  al.	  [13,	  14],	  the	  current	  study	  did	  not	  detect	  improvements	  in	  
post-­‐lunch	  glucose	  or	  insulin	  concentrations	  following	  the	  addition	  of	  the	  normal	  
protein	  (i.e.,	  high	  CHO)	  breakfast.	  	  This	  discrepancy	  may	  be	  due	  to	  several	  factors	  such	  
as	  age	  of	  the	  subjects,	  BMI	  differences,	  and	  habitual	  eating	  breakfast	  habits.	  	  For	  
example,	  the	  average	  age	  of	  subjects	  in	  the	  two	  Jovanovic	  et	  al.	  studies	  [13,	  14]	  was	  
56.1	  ±	  2.8	  years	  and	  46.7	  ±	  3.9	  years,	  respectively,	  whereas	  the	  average	  age	  in	  the	  
current	  study	  was	  19	  ±	  1	  years	  of	  age.	  	  This	  large	  difference	  in	  age	  could	  result	  in	  
different	  physiological	  responses	  in	  glycemic	  control	  [87,	  88].	  	  
Additionally,	  it	  is	  unknown	  whether	  the	  subjects	  in	  the	  Jovanovic	  et	  al.	  studies	  
were	  habitual	  breakfast	  skippers	  or	  habitual	  breakfast	  consumers.	  	  In	  the	  current	  study,	  
we	  observed	  that	  habitual	  breakfast	  skippers	  experience	  lower	  circulating	  afternoon	  
and	  daily	  glucose	  concentrations	  after	  the	  consumption	  of	  a	  normal	  protein	  (i.e.,	  high	  
CHO)	  breakfast	  compared	  to	  the	  breakfast	  consumers.	  	  Thus,	  frequency	  of	  breakfast	  
consumption	  appears	  to	  be	  an	  important	  factor	  in	  glycemic	  responses	  to	  CHO-­‐rich	  
breakfast	  meals.	  	  More	  studies	  are	  required	  to	  identify	  the	  mechanism-­‐of-­‐action	  by	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which	  habitual	  breakfast	  patterns	  influence	  the	  physiological	  responses	  to	  CHO-­‐rich	  
meals.	  	  	  
The	  replacement	  of	  CHO	  with	  protein	  has	  been	  shown	  to	  decrease	  the	  
postprandial	  glucose	  and/or	  insulin	  responses	  in	  some	  [20-­‐26]	  	  but	  not	  all	  studies	  [28-­‐
33,	  72].	  	  Potential	  contributors	  for	  the	  conflicting	  findings	  might	  be	  due	  to	  the	  quantity	  
of	  protein	  provided	  within	  the	  meals	  [89]	  as	  well	  as	  the	  type	  of	  protein	  and/or	  CHO	  
included	  [20,	  28,	  29].	  	  	  	  	  
Regardless,	  the	  current	  study	  was	  the	  first	  to	  examine	  whether	  this	  response	  
would	  extend	  into	  and	  contribute	  to	  the	  second	  meal	  phenomenon.	  	  In	  the	  current	  
study,	  no	  differences	  in	  subsequent	  meal	  (i.e.,	  lunch)	  glucose	  and	  insulin	  responses	  
were	  observed	  with	  the	  high	  protein	  breakfast	  in	  habitual	  breakfast	  skippers.	  	  However,	  
those	  that	  habitually	  consumed	  a	  CHO-­‐rich	  breakfast	  exhibited	  greater	  reductions	  in	  
post-­‐lunch	  glucose	  following	  the	  high	  protein	  breakfast	  compared	  to	  the	  normal	  protein	  
breakfast.	  	  Although	  speculative,	  these	  data	  would	  suggest	  an	  increased	  inability	  to	  
optimally	  metabolize	  and/or	  utilize	  a	  large	  quantity	  of	  protein,	  at	  breakfast,	  in	  those	  
who	  do	  not	  typically	  eat	  the	  morning	  meal.	  	  Further	  research	  is	  needed	  to	  confirm	  this	  
concept.	  	  	  	  
	  
Limitations	  
Several	  study	  limitations	  have	  been	  identified.	  	  One	  limitation	  involves	  the	  
investigation	  of	  only	  two	  selected	  factors,	  plasma	  glucose	  and	  insulin.	  	  Other	  various	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modulators	  such	  as	  circulating	  FFA	  may	  also	  be	  involved	  in	  the	  altered	  glycemic	  
response	  to	  NP	  and	  HP	  breakfast	  meals.	  	  
Specifically,	  Jovanovic	  et	  al.	  observed	  a	  decrease	  in	  post-­‐lunch	  free	  fatty	  acid	  
(FFA)	  responses	  in	  those	  who	  ate	  breakfast	  compared	  to	  those	  who	  skipped	  breakfast,	  
and	  discovered	  a	  positive	  correlation	  to	  exist	  between	  FFA	  concentrations	  prior	  to	  lunch	  
and	  the	  post-­‐lunch	  rise	  in	  plasma	  glucose	  [13].	  	  Again,	  a	  positive	  correlation	  was	  shown	  
between	  FFA	  concentrations	  prior	  to	  lunch	  and	  the	  post-­‐lunch	  rise	  in	  plasma	  glucose	  
and	  a	  negative	  correlation	  was	  shown	  between	  FFA	  concentrations	  prior	  to	  lunch	  and	  
the	  post-­‐lunch	  increase	  in	  muscle	  glycogen	  synthesis	  [14].	  	  A	  potential	  explanation	  to	  
improved	  glycemic	  control	  is	  that	  prolonged	  elevation	  in	  FFAs,	  which	  occur	  during	  
prolonged	  fasting	  periods	  (i.e.,	  breakfast	  skipping),	  results	  in	  the	  inhibition	  of	  net	  
hepatic	  glycogen	  utilization,	  increases	  in	  gluconeogenesis,	  and	  reductions	  in	  glucose	  
utilization	  [14,	  15,	  60].	  	  This	  is	  important	  due	  to	  several	  studies	  indicating	  that	  increased	  
plasma	  FFA	  concentrations	  leads	  to	  insulin	  resistance	  and	  T2DM	  [61,	  62].	  	  Because	  
muscle	  glycogen	  synthesis	  is	  defective	  in	  T2DM	  patients,	  the	  findings	  in	  these	  studies	  
may	  be	  applied	  as	  a	  therapeutic	  strategy.	  	  Based	  on	  these	  findings,	  it	  is	  possible	  that	  
breakfast	  consumption	  leads	  to	  decreased	  circulating	  FFAs	  which	  in	  turn	  stimulates	  net	  
hepatic	  glycogen	  utilization,	  decreases	  gluconeogenesis,	  and	  increases	  glucose	  
utilization.	  
Another	  study	  limitation	  was	  that	  the	  varying	  sources	  of	  protein	  at	  the	  breakfast	  
meals.	  	  Previous	  studies	  in	  a	  meta-­‐analysis	  have	  reported	  that	  insulin	  concentrations	  are	  
blunted	  after	  a	  meal	  containing	  slow-­‐digesting	  protein,	  like	  casein,	  compared	  to	  fast-­‐
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digesting	  protein,	  like	  whey	  [23,	  90].	  	  Although	  the	  HP	  meals	  contained	  similar	  
quantities	  of	  beef	  and	  egg	  protein	  between	  the	  breakfast	  groups	  in	  the	  current	  study,	  
the	  NP	  breakfast	  meals	  were	  void	  of	  egg	  and	  beef	  and	  primarily	  contained	  dairy	  and	  
wheat	  protein.	  	  Thus,	  the	  absence	  of	  significant	  insulin	  increases	  with	  the	  HP	  breakfast	  
meals	  might	  have	  been	  due	  to	  the	  varied	  protein	  qualities	  within	  and	  between	  the	  
breakfast	  meals.	  	  
Further	  research	  involving	  long-­‐term	  intervention	  is	  necessary	  to	  confirm	  the	  
present	  findings	  and	  identify	  long-­‐term	  implications	  of	  glycemic	  control.	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CONCLUSIONS	  
	  
In	  summary,	  these	  data	  suggest	  that	  the	  addition	  of	  breakfast,	  regardless	  of	  
protein	  content,	  has	  very	  little	  effect	  on	  post-­‐lunch	  glycemic	  control	  in	  individuals	  who	  
habitually	  skip	  the	  morning	  meal	  but	  illustrates	  novel	  differences	  in	  the	  glycemic	  
response	  to	  high	  versus	  normal	  protein	  breakfast	  meals	  which	  appears	  to	  be	  influenced	  
by	  habitual	  breakfast	  frequency.	  	  Thus,	  the	  addition	  of	  breakfast,	  particularly	  one	  rich	  in	  
protein,	  may	  be	  an	  essential	  dietary	  approach	  to	  improve	  glycemic	  control	  in	  habitual	  
high	  CHO	  consuming	  overweight/obese	  adolescents,	  but	  not	  in	  their	  habitual	  breakfast	  
skipping	  counterparts.	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Table	  2:	  Subject	  characteristics	  
Subject	  Characteristics	  
Breakfast	  
Skippers	  
(n=20)	  
Breakfast	  
Consumers	  
(n=15)	  
Age	  (y)	   19	  ±	  1	   19	  ±	  1	  
Height	  (cm)	   167	  ±	  1	   167	  ±	  2	  
Weight	  (kg)	   79.6	  ±	  2.1	   78.8	  ±	  2.6	  
BMI	  (kg/m2)	   28.6	  ±	  0.7	   28.3	  ±	  0.7	  
Skips	  Breakfast	  (#/week)	   6	  ±	  1	   1	  ±	  1	  
First	  Eating	  or	  Drinking	  Occasion	  of	  the	  Day	   12:30	  ±	  0:15	  pm	   8:15	  ±	  0:11	  am	  
Fasting	  Glucose	  (mg/dL)	   85.3	  ±	  3.3	   86	  ±	  2	  
Fasting	  Insulin	  (pg/mL)	   462.7	  ±	  230.3	   577	  ±	  83.5	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Table	  3:	  Dietary	  characteristics	  during	  the	  8h	  testing	  day	  in	  Breakfast	  Skippers	  and	  
Breakfast	  Consumers	  
	   Breakfast	  
Skippers	  	  
	  
Breakfast	  Skippers	  	  
&	  	  
Breakfast	  Consumers	  
Breakfast	  Skippers	  	  
&	  	  
Breakfast	  Consumers	  
Breakfast	  
Skipping	  
Treatment	  
Normal	  Protein	  	  
Breakfast	  	  
Treatment	  
High	  Protein	  	  
Breakfast	  	  
Treatment	  
Breakfast	   	   	   	  
Energy	  (kcal)	   0	   350	   350	  
Total	  Protein	  (g)	   0	   12	  ±	  2	   32	  ±	  2	  
CHO	  (g)	   0	   59	  ±	  2	   38	  ±	  2	  
Fat	  (g)	   0	   8	  ±	  0	   8	  ±	  0	  
Lunch	   	   	   	  
Energy	  (kcal)	   500	   500	   500	  
Total	  Protein	  (g)	   17	  ±	  2	   17	  ±	  2	   17	  ±	  2	  
CHO	  (g)	   83	  ±	  2	   83	  ±	  2	   83	  ±	  2	  
Fat	  (g)	   11	  ±	  0	   11	  ±	  0	   11	  ±	  0	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Figure	  6:	  	  Plasma	  glucose	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  various	  breakfast	  patterns	  in	  habitual	  Breakfast	  
Skippers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  	  	  Breakfast	  Skipping	  (BS);	  	  	  	  	  	  Normal	  Protein	  Breakfast	  (NP);	  	  	  	  	  	  High	  
Protein	  Breakfast	  (HP)	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
45	  
Figure	  7:	  	  Plasma	  glucose	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  various	  breakfast	  patterns	  in	  habitual	  Breakfast	  
Consumers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  Normal	  Protein	  Breakfast	  (NP);	  	  	  	  	  	  High	  Protein	  Breakfast	  (HP)	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Figure	  8:	  	  Plasma	  insulin	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  various	  breakfast	  patterns	  in	  habitual	  Breakfast	  
Skippers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  	  	  Breakfast	  Skipping	  (BS);	  	  	  	  	  	  Normal	  Protein	  Breakfast	  (NP);	  	  	  	  	  	  High	  
Protein	  Breakfast	  (HP)	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Figure	  9:	  	  Plasma	  insulin	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  various	  breakfast	  patterns	  in	  habitual	  Breakfast	  
Consumers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  Normal	  Protein	  Breakfast	  (NP);	  	  	  	  	  	  High	  Protein	  Breakfast	  (HP)	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Figure	  10:	  	  Plasma	  glucose	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  Normal	  Protein	  vs.	  High	  Protein	  breakfast	  meals	  in	  
habitual	  Breakfast	  Skippers	  vs.	  Breakfast	  Consumers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  Breakfast	  Skipping	  (BS)-­‐
Normal	  Protein	  (NP)	  Meal;	  	  	  	  	  	  BS-­‐High	  Protein	  (HP);	  	  	  	  	  Breakfast	  Consuming	  (BC)-­‐NP;	  	  	  	  	  BC-­‐HP	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Figure	  11:	  	  Plasma	  insulin	  responses	  throughout	  the	  8h	  testing	  day	  following	  the	  Normal	  Protein	  vs.	  High	  Protein	  breakfast	  meals	  in	  
habitual	  Breakfast	  Skippers	  vs.	  Breakfast	  Consumers.	  Different	  letters	  denote	  significance;	  P	  <	  0.05.	  	  	  	  	  	  Breakfast	  Skipping	  (BS)-­‐
Normal	  Protein	  (NP)	  Meal;	  	  	  	  	  	  BS-­‐High	  Protein	  (HP);	  	  	  	  	  Breakfast	  Consuming	  (BC)-­‐NP;	  	  	  	  	  BC-­‐HP	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